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1. Introduction 
The purpose of this paper is to make the categoriza-
tion of modern mobile communication systems with res-
pect to their key features and technological design aspects. 
Suitability of a particular system for a given service type is 
reviewed based on the specific physical environment, sys-
tem characteristics, available capacity and system cost. The 
systems considered in this paper include: UMTS represen-
ting 3G mobile communication networks, WLAN based on 
standards IEEE 802.11, IEEE 802.16 BWA system, and 
UWB as a future player in the field. UMTS is described at 
the beginning in detail, since all possible services and va-
rious techniques, which are parts of other technologies un-
der study as well, are available in UMTS.  
2201800
Europe
01850 1900 1950 2000 2050 2100 2150
ITU
Japan
USA
D
E
C
T
TDD
TD
D
TDDPHS IMT-2000
IMT-2000 Sat IMT-2000 IMT-2000
IMT-2000
UMTS FDDUMTS FDDGSM 1800 (DL)
Sat IMT-
2000Sat IMT-2000
MSS-PCN (UL)
UMTS MSS (UL)
MSSS-PCN (UL)
MSS-
PCN (DL)
UMTS
MSS (DL)
PCS (DL)PCS (UL) PCSUnLic
MSSS-PCN (UL)
MHz  
Fig. 1.  Worldwide available frequency spectrum 
2. UMTS 
The object of UMTS (Universal Mobile Telecommu-
nication Systems) is to provide wide range of services in 
both, circuit switched (CS) and packet switched (PS) do-
main to a mobile customer [1]. Services of interest include 
voice, real-time multimedia services, WWW browsing, da-
ta download, etc. Reference data rates with respect to the 
physical environment and user mobility were defined with-
in 3GPP and are summarized in Tab. 1. Such a wide vari-
ety of services to be offered led to a definition of a new air 
interface standard.  
New frequency spectrum was allocated by ITU for 
UMTS networks. In Europe the available frequency band 
has been divided into a two parts: ‘paired’ and ‘unpaired’. 
The ‘paired’ has a bandwidth of 2x60 MHz (60 MHz for 
uplink 60 MHz for downlink). The ‘unpaired’ part has a 
bandwidth of 35 MHz (20 + 15 MHz) and it is not deter-
mined in advance if the particular band is for uplink or 
downlink. For more detailed allocation of the frequency 
bands available in the rest of the world see Fig. 1. 
Environment Max bit rate[kbps]
Max. speed
[km/h] Cell type
Rural outdoor
Suburban outdoor
Indoor/Low
range outdoor
144 500
384
2048
120
10
Macrocell
Macrocell
Microcell
Picocell
Microcell
 
Tab. 1.  UMTS reference data rate & user mobility 
Compared to already traditional TDMA air interface access 
scheme of second-generation mobile networks, the air in-
terface for UMTS is based on a Wideband Code Division 
Multiple Access (W-CDMA). Moreover both TDD and 
FDD modes were specified to co-exist seamlessly in 
UMTS to meet performance requirements. UMTS FDD 
mode will be considered in further readings of this paper. 
2.1 Service Differentiation & QoS 
UMTS services were divided into four classes accor-
ding to services characteristics [2]: 
• Conversational 
• Streaming 
• Interactive 
• Background 
Services within conversational class are characterized by 
preservation of time relation between information entities. 
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Additionally there is a strong requirement for low delay. 
Services in this class are commonly real time services like 
voice, video-telephony, real time games, etc. Streaming 
class of services is characteristic with preserving time rela-
tions between information entities, but with more relaxed 
requirement to transport delay. Services included in this 
class are all types of streaming multimedia. Services belon-
ging to the interactive class are based on a request response 
principle. Well-known example of the service within this 
class is a web browsing or non-real time network games. 
Background service class associates services, where the re-
cipient of information is not expecting the data in a given 
time. The service only guarantees the data integrity. Email 
background downloading is a typical example of such ser-
vice class. 
The UMTS service architecture is shown on Fig. 2 
[1]. Because of layered service architecture in UMTS the 
user can negotiate and re-negotiate or change the bearer 
characteristics based on the QoS demand, network resource 
availability, and application needs. 
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Fig. 2.  UMTS service architecture 
In order to enable enhanced traffic differentiation, more 
QoS attributes has been defined along the service class. 
The attributes are negotiated during connection setup pro-
cedure (PDP context activation procedure for packet swit-
ched part of UMTS bearer service). The set of QoS attribu-
tes defines QoS profile and defines: traffic class, target 
transfer delay, reliability, priority, etc. Summary of UMTS 
bearer service attributes defined in [3] is given in Tab. 2. 
2.2 System Performance, Physical Environ-
ment and Service Availability 
In order to review the services available in UMTS 
with respect to the physical environment we should first gi-
ve a short overview of the air interface standard for UMTS.  
W-CDMA for UMTS is based on a Direct Sequence 
Spread Spectrum (DSSS). In this case the available radio 
resource is shared between users by allocating unique se-
quence to each user willing to transport the information. 
Thus each user utilizes the whole bandwidth of the channel 
up to time the user stops the information exchange. It is 
completely different from the other multiple access techni-
ques (e.g. TDMA or FDMA), where available radio resour-
ces are divided into a certain number of ‘sub-channels’ in a 
time or frequency domain for TDMA and FDMA respecti-
vely. In DSSS the user data is multiplied by a unique se-
quence called spreading sequence, which has the bit (com-
monly it is called ‘chip’) duration much less then user data 
bit duration (spreading operation). In the receiver the infor-
mation is multiplied with the same spreading sequence 
again, thus obtaining the original narrowband signal back. 
This process is called despreading. One of the very impor-
tant properties of CDMA systems is a tolerance to narrow-
band interference. The amount of interference possibly 
suppressed is dependant on the available processing gain 
icp RRG =   , (1) 
Rc is a chip rate and Ri is the information data rate. Other 
words the processing gain can be seen as an improvement 
factor in the signal to interference ratio of the signal after 
the despreading [1]. In W-CDMA the Rc is 3.84 Mcps, 
with basic channel raster 5 MHz. The drawback of CDMA 
systems is a near-far problem, resulting in the need for ac-
curate fast power control (PC), and very tight requirements 
on synchronization. For detailed information on CDMA 
the reader is referred to [4], [5], [6].  
Traffic Class Conversational Streaming Interactive Background
Max. bitrate
Delivery order
Max. SDU size
SDU format
information
SDU error ratio
Residual BER
Delivery of
erroneous SDUs
Transfer delay
Guaranteed bit rate
Traffic handling
priority
Allocation/Retention
priority
x x x x
x x x x
x x x x
x x
x x x x
x x x x
x x x x
x x
x x
x
x x x x
 
Tab. 2.  UMTS bearer attributes for each traffic class 
Because there will co-exist many users with different servi-
ces requiring different bit rates in a single cell, the Ortho-
gonal Variable Spreading Factor (OVSF) code was intro-
duced in W-CDMA. The term spreading factor (SF) often 
used in 3GPP specifications expresses the number of chips 
of the spreading sequence representing one bit of informa-
tion (user data plus additional bits due to overhead, error 
control coding, etc.). It is constructed based on the Hada-
mard matrix with the property that the two different codes 
from one family are orthogonal to each other when they are 
in phase. The code tree is shown on Fig. 3. 
For downlink the spreading sequence separates diffe-
rent connections to different users served by the cell. For 
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uplink the spreading sequence separates different channels 
from one terminal. The separation between different cells 
on downlink and between different users in uplink is gua-
ranteed by the scrambling operation. From previous it is 
clear that the number of available codes could be a limiting 
factor only in the downlink. In the case that there is not 
enough codes at the Node B (note that the Node B is a term 
used within 3GPP for a radio base station) for downlink 
within single code tree, the second scrambling code might 
be used, thus obtaining additional code tree. The problem 
is that these two sets of codes are not orthogonal to each 
other any more and causes more interference. See [2] for 
details. 
One can see that the maximum data rate per one channel is 
960 kbps (uncoded). Realistic data rate would be 480 kbps 
when coding with coding rate 1/2 is applied. For higher da-
ta rate multicode transmition is defined within specifica-
tions, allowing up to 6 parallel channels yielding to 2 Mbps 
even after retransmissions. Note that regardless of the user 
bit rate (12.2 kbps, 64 kbps, 144 kbps, 384 kbps, or even 
2048 kbps) occupied channel bandwidth is approx. 5 MHz. 
SF Channel symbol
rate [kbps]
User bit
rate [kbps]
Services
512
256
128
64
32
16
8
4
7.5
15
30
60
120
240
480
960
-
3.4
12.2 + 3.4
28.8 + 3.4
57.6 + 3.4
12.2 + 144 + 3.4
12.2 + 384 + 3.4
-
Stand-alone control
channel
Speech + control
channel
Modem + control
channel
-
Fax + control
channel
Speech + packet
data + control
 channel
Speech + packet
data + control
 channel
-
 
SF = 1 SF = 2 SF = 4
(1)
(1,1)
(1,-1)
(1,1,1,1)
(1,1,-1,-1)
(1,-1,1,-1)
(1,-1,-1,1)  
Fig. 3.  OVSF code tree generation 
In downlink the QPSK modulation is used due to time mul-
tiplexing of data and control channel. Dual channel QPSK 
modulation is used in uplink, which is a result of I/Q-multi-
plexing of data and control channel. Different modulation 
is used on uplink (UL) in order to avoid an audible distur-
bance to audio equipment, which is close to the terminal. 
The resultant symbol rates and examples of services for UL 
and downlink (DL) are given in Tab. 3 and 4 [1]. 
Tab. 4.  Channel symbol rates and example of services (DL) 
In UMTS the user distance from serving base station beco-
mes a critical issue from the service availability point of 
view. This is due to the fact that the network can offer dif-
ferent processing gain to different services. Recall the for-
mula (1) where the amount of processing gain is directly 
proportional to required bit-rate. It means that the system 
might have very good availability for voice users at the cell 
edge, but for data users requiring high bit-rates the service 
is simply not available in the same location. The evaluation 
of proper mutual distance among base stations is a task for 
a power budget calculation during the network dimensio-
ning process. The power budget calculation should be per-
formed separately for each service providing coverage in 
the whole area. From result the most critical service must 
be identified (i.e. the service with minimal allowed path 
loss). From path loss the corresponding distance can be 
obtained. Note that in the power budget not only the path 
loss calculation is involved, but more or less the radio wa-
ve propagation in general.  
SF Channel symbol
rate [kbps]
User bit
rate [kbps]
Services
256
128
64
32
16
8
4
15
30
60
120
240
480
960
3.4
12.2 + 3.4
28.8 + 3.4
57.6 + 3.4
12.2 + 144 + 3.4
12.2 + 384 + 3.4
-
Stand-alone control
channel
Speech + control
channel
Modem + control
channel
Fax + control
channel
Speech + packet
data + control
 channel
Speech + packet
data + control
 channel
-
 
The dynamic changes of surrounding obstacles (e.g. 
cars) and user speed causes that the instantaneous received 
signal fluctuates (this is often called signal fading). The 
depth and statistical characteristics of signal fading de-
pends on actual radio environment characteristics. For 
NLOS case the depth of signal fade might reach up to 35-
40 dB and statistical distribution is close to Rayleigh. Whe-Tab. 3.  Channel symbol rates and example of services (UL) 
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Moreover the Eb/N0 requirement is dependant upon 
the service in use. Commonly in UMTS the Eb/N0 value de-
creases with increasing bit-rate. This is mainly due to more 
power available for channel estimation in the case of high 
bit-rate services. 
reas in the case of LOS the signal fading is not so deep and 
reaches 15-20 dB and statistical distribution is close to Ri-
cian. For signal fading mitigation, diversity techniques are 
often used at the Node B. The diversity gain should be sub-
sequently used in power budget calculation. Additional 
gains or losses that should be taken into account in the po-
wer budget are indoor or incar losses, vegetation attenu-
ation etc., dependant on current subscriber location. Also 
note that radio wave propagation in such a frequency band 
is not affected by rain as it is in the high frequency band. 
Path loss calculation for macrocells (e.g. diameter of 1 – 10 
km) is commonly resolved by some of commonly accepted 
empirical propagation models (e.g. Okumura-Hata, Lee, 
Parsons, etc.), which are easy to use and provides with re-
sults of acceptable accuracy for power budget. These mo-
dels do not deal with reflections, diffractions, etc. For mic-
rocells (e.g. 0.1 – 1 km) different propagation models are 
commonly used. In this type of environment the reflections 
and diffractions are inevitable part of radio wave propaga-
tion. Also NLOS and LOS situation should be reflected. 
For picocels (cell covering building or only part of the 
building) the situation is even more complicated, since the-
re are significant reflections from ceiling, walls etc. For de-
tailed radio network planning more advanced and accurate 
propagation models should be used. These models often 
utilize some form of ray-launching or ray-tracing techni-
ques, which require computerized calculation as well as the 
detailed digital map of desired area.  
2.3 Services & System Capacity 
It is commonly accepted fact that UMTS is a capacity 
limited system, meaning that new users can access the net-
work until the amount of power received by the serving 
Node B from that users reaches some predefined threshold. 
The threshold is called ‘noise raise’ and expresses the ratio 
of a total wideband power received by Node B and noise. 
Because the packet switched services with high bit 
rates can utilize only small processing gain, more power 
has to be transmitted in order to reach the Eb/N0 require-
ment at the receiver. On the contrary compared to the voice 
services where there is no need to transmit that high power 
because of high processing gain available. It means that the 
higher is the transmitted power the lower is the number of 
users connected to the network before reaching the noise 
rise threshold. On the Fig. 5 the noise rise as a function of 
the number of 12.2 kbps voice respectively 144 kbps data 
users is shown. 
 
Such results from power budget calculation with ty-
pical Node B configurations for typical set of services can 
be seen in Tab. 5. One may identify that that for 384 kbps 
service it would be necessary to have 2.25 % more Node 
Bs compared to only 144 kbps. Note that in the later case 
the 384 kbps will be also available, but only in the limited 
area around the Node B. So the trade off between service 
availability and system cost must be found. 
Service 12.2voice
144 kbps
data
384 kbps
data
Allowed propagation
loss [dB]
Cell radius [km]
141.9 135.7
2.3 1.5
129.9
1.0
 
Fig. 4.  Noise rise as a function of the number of users 
Since there is a different requirement of Eb/N0 value for 
services with different bit rate, the total throughput tends to 
increase when high data rate users are connected to the net-
work and the noise rise reaches its limit at the Node B. 
This is due to lower requirement of minimal Eb/N0 for 
high-speed data users. In other words there is not a direct 
rule of proportion between throughput and user bit rate. 
Tab. 5.  Allowed path losses and corresponding cell radius 
Remember that the physical environment affects not only 
the path loss calculation and a network dimensioning pro-
cess. The physical environment affects also requirements 
for signal processing, which are essential for capacity esti-
mation. Base-band parameter Eb/N0 is probably one of the 
most important. Eb/N0 expresses the ratio of energy per bit 
and noise power density. The physical environment influ-
ences the radio channel characteristics (e.g. channel impul-
se response). Subsequently the radio channel characteris-
tics imply the Eb/N0 requirement. The higher is the Eb/N0 
requirement, the lower is the capacity of the system and 
less number of users might be served. 
2.4 Summary 
From previous discussion we may conclude that 
UMTS is mobile cellular communication system, which 
can offer voice, CS and PS data services irrespective of 
user location and speed, commonly in a very large area. 
The maximum data rate per one user is limited to approxi-
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IEEE 802.11b uses DSSS as a transmission technique. 
Supported bit rates are 1, 2, 5.5 and 11 Mbps. The availab-
le frequency band is divided into a fourteen 22 MHz chan-
nels. 11 adjacent channels partially overlap and only 3 
remaining channel do not. This is why only three IEEE 
802.11b DSSS systems can be co-located. For 1 and 2 
Mbps data rate operation BPSK and QPSK modulation 
technique is used respectively. In order to provide higher 
data rate to the customer IEEE 802.11b adds Complemen-
tary Code Keying (CCK) and Packet Binary Convolutional 
Coding (PBCC), which provide data rates up to 11 Mbps. 
Note that regardless of whether the data rate is 1, 2, 5.5, or 
11 Mbps, the channel bandwidth is about 20 MHz for 
DSSS systems. 
mately 2 Mbps, with further limitation to the speed and lo-
cation of such a user. More, we have shown that commonly 
UMTS can offer high data rate services only to a limited 
number of users. The higher is the user data rate the less 
users can access the system. Moreover it has been shown 
that the cell throughput increases with data rate of particu-
lar users. Implementation and maintenance costs of UMTS 
system is very high compared to systems given below. 
3. WLAN Based on IEEE 802.11 
Wireless LAN (WLAN) solutions appeared in the late 
of 1980s in order to compete with traditional wired LAN 
networks. The idea was to use the WLAN instead of tradi-
tional LAN in order to avoid necessary cabling in the servi-
ce area and to obtain more flexibility for possible future 
changes in the network structure. The object is to provide a 
customer with wireless connection to it’s LAN network. 
The 802.11 WLAN standard has been developed by IEEE 
P802.11 committee specifying PHY and MAC layer of a 
LAN wireless technology. For a public short range net-
works (hot spots) the 802.11b became the most popular 
standard. 
IEEE 802.11g introduces OFDM to a 2.4 GHz fre-
quency band in order to provide higher data rates (at least 
20 Mbps), while maintaining backward compatibility with 
existing systems based on 802.11b. Supported data rates 
are up to 54 Mbps. In case the hybrid CCK/OFDM is used 
the maximum supported bit rate is 54 Mbps and in case of 
PBCC the maximum supported bit rate is 33 Mbps. CCK 
and OFDM are mandatory in specification whereas CCK/ 
OFDM and PBCC are optional. 
Data
Rate
[Mbps]
6
9
12
Modulation
BPSK
18
24
36
48
54
BPSK
QPSK
QPSK
16QAM
16QAM
64QAM
64QAM  
In 1997 IEEE adopted IEEE 802.11 standard as a 
WLAN standard [7]. The main variants of 802.11 includes: 
• 802.11a 
• 802.11b 
• 802.11g 
Note that other variants were defined as well, but will not 
be considered in this paper. Operating frequency band of 
considered 802.11 standards is given in Tab. 6. 
Standard
802.11a
802.11b
802.11g 2.4 GHz
Frequency
band
2.4 GHz
5 GHz
 
Tab. 7.  Supported data rate and corresponding modulation type 
3.1 Service Differentiation & QoS 
In general the 802.11 does not offer adequate QoS in 
terms of delay requirements and service prioritization, 
which is necessary for voice and real-time data services. In 
order to provide at least a limited QoS two modes of opera-
tion has been specified for the MAC layer: the Distributed 
Coordination Function (DCF) and the Point Coordination 
Function (PCF). 
Tab. 6.  Operating frequency bands for selected WLAN standards 
IEEE 802.11a systems use OFDM as transmission techni-
que and supports data rates from 6 to 54 Mbps. It utilizes 
BPSK, QPSK, and QAM to achieve the various data rates. 
The supported data rate and corresponding modulation type 
is given in detail in Tab. 7. OFDM is based on a Fast Fou-
rier Transform (FFT). IEEE 802.11a OFDM enables over-
lapping of 52 channels without loosing their orthogonality, 
leading to better spectral utilization. Note that only 48 out 
of 52 subchannels carries data and the remaining 4 are used 
as a pilot tones used in phase tracking for coherent demo-
dulation. By dividing the channel into a narrowband flat 
fading subchannels, the OFDM is more resistant against 
selective fading. 
DCF is the basic 802.11 MAC and most of the com-
mercial systems operate in this mode. DCF is based on 
Carrier Sense Multiple Access with Collision Avoidance 
(CSMA/CA). CSMA/CA is very similar to Ethernet's Car-
rier Sense Multiple Access with Collision Detection 
(CSMA/CD); however, due to the implementation of the 
wireless transceiver, collision detection is not possible. In 
this mode nothing is guaranteed in terms of the QoS. The 
PCF mode of the MAC layer provides the limited QoS in 
terms of provisioning of priority access to the medium by 
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polling the stations in a round-robin fashion [7]. Note that 
any station can request to be added to the poll sequence by 
a special frame exchange sequence. Voice services could 
be provided within this mode. 
In order to enable the transport of voice over IP 
(VoIP) and real-time data services the IEEE 802.11e has 
been introduced.  The 802.11e specification introduces two 
new modes of MAC layer operation: Enhanced DCF 
(EDCF) and the Hybrid Coordination Function (HCF). As 
with the original 802.11 MAC, the 802.11e enhancements 
are designed to work with all possible 802.11 physical 
layers (the original 802.11, the current 802.11, 802.11a, 
and 802.11g). 
3.2 System Performance, Physical Environ-
ment and Service Availability 
Generally the influence of the transmitter and the re-
ceiver separation on a system performance is very similar 
to UMTS system as was described in previous sections. 
Additionally there is significant limitation in a maximum 
allowed transmitting power (1000mW in North America 
and 100mW in Europe). In Tabs. 8 and 9 we provide the 
overview of approximate reliable ranges for IEEE 802.11b 
and IEEE 802.11a for different types of physical environ-
ments. Note that overall throughput of the system decree-
ases with number of users connected to the access point. 
Data
rate Open plane
building
1 Mbps
2 Mbps
5.5 Mbps
11 Mbps
Reliable range [m]
Semi-open
office Closed office
490
350
260
190
100
85
70
55
45
40
35
30
 
Tab. 8. Reliable distances for IEEE 802.11b with respect to offe-
red bit rate 
Concerning radiowave propagation in case of WLAN 
802.11 systems, it is very similar to principles already men-
tioned in the previous section dealing with UMTS. Parti-
cularly the environment is of a picocell type. The signal 
fading of Rayleigh or Rician statistical distribution also 
occurs due to the possible movement of the subscriber and 
the movement of surrounding objects (e.g. people). Diver-
sity techniques are often used to mitigate the signal fading 
at the subscriber as well as at the access point site (space 
diversity). Special attention must be given to a strong ref-
lection from walls, ceiling and floors, often creating the 
waveguide effect. Building configuration as well as the 
materials used in the building should be known prior to the 
radio network planning in order to accurately optimize the 
propagation models. At present mostly the PC tools dedica-
ted only for that purpose are used to provide accurate ra-
diowave propagation model. 
Data
rate Open plane
building
6 Mbps
12 Mbps
48 Mbps
54 Mbps
Reliable range [m]
70
55
14
7
 
Tab. 9. Reliable distances for IEEE 802.11a with respect to offe-
red bit rate 
3.3 Summary 
An overview of WLAN based on the IEEE 802.11 
family standard has been given in this section. As a conclu-
sion we may say that such a type of WLAN is most conve-
nient for large buildings to compete with traditional LAN 
system. The coverage area is commonly much less (few 
hundreds of meters) then in the case of UMTS. Note that 
the small range of the system can be solved using IEEE 
802.16 or others. The system provides its services in a PS 
domain only. QoS cannot be guaranteed for voice and real-
time multimedia services in legacy IEEE 802.11 standard. 
Some improvements were introduced in IEEE 802.11e 
standard. 
4. BWA Based on IEEE 802.16 
Broadband Wireless Access (BWA) systems were 
designed to provide an alternative to the wired “last mile” 
access link. The BWA network is commonly composed of 
at least one base station (BS) and several subscriber sta-
tions (SS) (i.e. since the SSs are stationary the system is of 
point-to-multipoint type). IEEE 802.16 standard belongs to 
this category of access systems. Similarly as in the case of 
WLAN based on IEEE 802.11 family, there exist several 
variants of IEEE 802.16 system, with multiple PHY layers 
and common MAC layer. It was designed to provide mul-
tiple services with different QoS and priority requirements 
simultaneously. The system variances with respect to the 
frequency bands are given in Tab. 10. 
Standard
802.16
802.16a
802.16b 5 - 6 GHz
Frequency
band
2 - 11 GHz
10 - 66 GHz
 
Tab. 10.  IEEE 802.16 variances 
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Common requirement for IEEE 802.16 deployment in the 
service area is the existence of LOS between transmitter 
and the receiver. In IEEE 802.16, both TDD and FDD du-
plexing schemes are supported. Multiple access scheme on 
uplink direction is by time-division multiple access 
(TDMA). Modulation scheme used in the air interface is 
related to the instantaneous channel quality. QAM 64, 
QAM 16 and QPSK modulation schemes were defined. 
High bit rate is reached by utilization of broadband chan-
nels (20, 25 or 28 MHz). Channel bandwidth, related mo-
dulation schemes and the resultant bit rates are summarized 
in Tab. 11. In order to compensate link quality degradation 
between SS and BS, IEEE 802.16 utilizes a so-called 
“adaptive burst profile” in both uplink and downlink, me-
aning that the modulation type as well as the coding sche-
me is assigned burst-by-burst per subscriber station depen-
ding on the instantaneous channel conditions. 
Channel
bandwidth
Symbol rate
[Msps]
Bit rate [kbps]
16 QAM
20 MHz
25 MHz
28 MHz
16 32
20
22.4
40
44.8
QPSK 64 QAM
64
80
89.6
96
120
134.4
 
Tab 11.  Available bit rate with respect to modulation type 
Design of IEEE 802.16a PHY layer is driven from the 
need of NLOS operation requirement. There are three air 
interface specifications given in the draft: 
• WirelessMAN-SC2 
• WirelessMAN-OFDM 
• WirelessMAN-OFDMA 
WirelessMAN-SC2 uses single carrier modulation format, 
WirelessMAN-OFDM uses orthogonal frequency-division 
modulation with 256-point transform, while Wireless-
MAN-OFDMA uses orthogonal frequency-division modu-
lation with 2048-point transform. 
4.1 Service Differentiation & QoS Mechanism 
In order to guarantee the QoS targets each uplink con-
nection is mapped to the scheduling mechanism. Certain 
amount of rules is associated with the scheduler, which is 
responsible for allocation of the uplink resources. Particu-
lar rule is defined during the connection setup time. Servi-
ces generating periodically the data to be transferred (e.g. 
like an ATM constant bit rate service class) will use unsoli-
cited grant service (UDS). Here the BS schedules regular-
ly, in a preemptive manner, grants of the size negotiated at 
connection setup, without an explicit request from the SS. 
This eliminates the overhead and latency of bandwidth re-
quests in order to meet the delay and delay jitter require-
ments of the underlying service [8]. For the VoIP or strea-
ming services the real-time polling service (rtPS) is well 
suited. In this case the bandwidth-on-demand approach is 
applied. It means that the SS issues explicit requests, which 
increases the overhead and latency, but the capacity is 
granted based on demand. For the non-real time services 
tolerating higher latency and not-guaranteed bit rate (e.g. 
internet connection) the non-real time polling service 
(nrtPS) was defined. Moreover the best effort (BE) service 
has been defined as well. Here neither throughput nor the 
delay is guaranteed (i.e. for e-mail downloads, etc.). 
4.2 System Performance, Physical Environ-
ment and Service Availability 
From the radiowave propagation point of view the 
connection between terminal and base station is always 
provided in terms of LOS in IEEE 802.16 systems. Addi-
tional significant attenuation component must be conside-
red for IEEE 802.16 systems: attenuation caused by rain. 
Attenuation due to rain was not considered in UMTS and 
WLAN based on IEEE 802.11 systems due to lower opera-
ting frequency (i.e. less than 5 GHz), compared to IEEE 
802.16. Note that water vapour resonance occurs at 1.3 cm 
(23 GHz), thus the rain attenuation for the frequencies be-
low 5 GHz is negligible [10]. Commonly it is accepted that 
rain attenuation below 10 GHz is insignificant compared to 
attenuation caused by refraction effects. Nevertheless for 
IEEE 802.16 the attenuation by tree must be considered. 
As the rain rate increases the amount of water between 
transmitter and receiver increases as well and causes signi-
ficant attenuation. This fact yields to the attenuation due to 
rain be function of actual rain rate. Rain rates are provided 
by ITU in terms of different zones defined as rainfall rate, 
which is only exceeded for 0.01% of the time. Moreover 
the higher is the frequency band the higher is the water ab-
sorption. 
Moreover for the frequencies well above 30 GHz, the 
attenuation due to rain as well as due to vegetation must be 
estimated with high accuracy since the available transmit-
ting power is very limited. Even that the IEEE 802.16 is a 
connection with stationary transmitter and the receiver it is 
sometimes necessary to deal with “fast” signal fading. Sig-
nal fading in this case would occur when tree shadows the 
terminal antenna. Since the tree is loaded by the wind it is 
not stationary and the movement of leaves and branches 
causes multipath propagation implying signal fluctuation 
(note that depth of signal fades is often more that 20 dB). 
Especially for the real time services this phenomenon 
should be reflected during power budget calculation as 
well. In order to obtain required service availability any 
kind of diversity could overcome deep signal fading. 
4.3 Summary 
An overview of BWA based on the IEEE 802.16 fa-
mily standard has been given in this section. As a conclu-
sion we may say that BWA is most convenient for large 
cities to compete with traditional fixed line distribution 
systems. BWA based IEEE 802.16 is capable to provide 
any type of service due to different scheduling algorithms 
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that were defined. The coverage area is relatively large 
compared to WLAN and UMTS. Attenuation due to rain-
fall must be considered as well as the signal fluctuation due 
to tree movement should be reflected. 
5. MBWA Based on IEEE 802.20 
IEEE 802.20 also called as Mobile Broadband Wire-
less Access (MBWA) is a system that should provide the 
subscriber with mobile and ubiquitous access to internet 
and/or intranet network. Since the system specifications are 
not available yet we will discuss the planned system cha-
racteristics only. MBWA solution characteristics are sum-
marized in Tab. 12. Operating frequency is supposed to be 
in the license band below 3.5 GHz. Some of well-proven 
spread spectrum technique (e.g. frequency hopping, 
OFDM) should be used on the air interface to enable the 
frequency reuse = 1, thus avoiding frequency planning. 
Characteristic
1.25 MHz 5 MHz
Mobility [km/h]
Maximum data rate (DL)
up to 250
< 1 Mbps
Channel bandwidth
< 4 Mbps
Maximum data rate (UL) < 300 Kbps < 1.2 Mbps
 
Tab. 12  System characteristics 
5.1 Service Differentiation & QoS Mechanism 
The system shall provide subscribers with real-time as 
well as non-real time services while optimized to packet-
data. Fast resources allocation for both UL and DL should 
be deployed. User data rate management should be resol-
ved to support for the automatic selection of optimized user 
data rates that are consistent with the RF environment con-
straints. 
5.2 System Performance, Physical Environ-
ment and Service Availability 
From the radiowave propagation point of view, IEEE 
802.20 reflects the same principles as mentioned previous-
ly in UMTS section. 
6. UWB 
The ultra wide-band (UWB) radio is a radio technolo-
gy using very large bandwidth. The definition by FCC 
stands that term very large bandwidth is the bandwidth wi-
der then 25% of a central frequency in use or alternatively 
the bandwidth wider then 1 GHz. UWB emission are targe-
ted to be that small so it can co-exist with other narrow-
band systems without disturbing them. The current narrow-
band users would “see” very small if any increase of the 
background noise level. Note that generation of UWB sig-
nal might be different, in [9] two methods are mentioned:  
time modulated (TM-UWB) and Direct Sequence Phase 
Coded (DSC-UWB). 
6.1 TM-UWB Technology 
In TM-UWB transmitter emits ultra-short monocycle 
wavelets with tightly controlled pulse-to-pulse intervals. In 
other words, to convey the information, pulse position mo-
dulation is used. When the data symbol to be transmitted is 
1, a small time shift is added to the monocycle. Note that 
one data symbol spans many monocycles. When the data 
symbol is 0, there is no time shift added to the monocycles. 
When multiple simultaneous users are desired to access the 
same bandwidth, each user has distinct periodic pulse shift 
pattern derived from PN sequence. Note that TM-UWB has 
many commonalities with CDMA principle. For example, 
large processing gain, excellent multipath immunity, and 
narrowband interference immunity. At high frequencies the 
(over 2 GHz) available bit rate might reach 60 Mbps in the 
indoor environment within the range of 50 m. In lower 
frequency bands bit rate is not likely to exceed 100 kbps. 
In the lower frequency band (below 2 GHz) it is like-
ly that the system will be used in different areas then com-
munication. Due to the properties like excellent multipath 
immunity the system is ideal for service categories like me-
dical or automotive. The positioning applications are the 
most interesting due to the high accuracy of the position 
estimation. 
The UWB technology will not be covered in the com-
parative analysis since it would commonly serve for very 
special applications. 
7. Comparative Analysis 
In the previous sections we have given the short over-
view of the system parameters and characteristics that we 
found to be important for a rough comparison analysis of 
the systems from the QoS provisioning, system planning 
and availability point of view. We focused on UMTS, 
WLAN, BWA and UWB systems. The overview of cha-
racteristics is given in Tab. 13. 
UMTS is the mobile cellular system, which should 
provide the services independently of user location (out-
door, indoor) and user speed (stationary, pedestrian, in-car 
or high speed train). WLAN networks are mostly restricted 
to the indoor usage, which also limit the subscriber speed, 
when compared to UMTS. The BWA based on IEEE 
802.16 is the fixed wireless access system, thus it serves 
better as an interconnection of WLAN hot spots or delivers 
the service directly to the customer premises. 
The QoS provisioning in UMTS is designed so that 
all types of services should be available (from real-time 
services up to e-mail downloading). In WLAN the issue of 
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QoS provisioning is commonly worse then in BWA based 
on IEEE 802.16 or UMTS. The QoS provisioning in case 
of IEEE 802.16 and UMTS is very similar. Maximum data 
rate that one user in UMTS can obtain is 2 Mbps. Note that 
such user would consume significant portion of available 
radio resources in the cell. WLAN or BWA systems can 
provide much higher bit rate to the single user compared to 
UMTS. BWA can provide up to 134.4 Mbps and WLAN 
based on IEEE 802.11 up to 54 Mbps. 
The big disadvantage of UMTS are very high imple-
mentation costs, which will very likely restrict the are whe-
re the system will be deployed in large cities with high po-
pulation density. In UMTS the implementation costs are 
very high due to in some countries even “astronomical” 
prices for licenses and very high costs for technology as 
well as for acquisition and rental costs for housing the 
technology. Note that the number of base stations needed is 
very high. On the contrary the WLAN networks are relati-
vely very cheap to implement, because it operates in licen-
se free band, low price of technology and commonly al-
most zero cost for acquisition and housing. The implemen-
tation costs of BWA networks are larger then in case of 
WLAN, because it would be necessary to built network 
infrastructure outside operators premises and also the fre-
quency band is likely to be not license free. 
From the radiowave propagation point of view, 
UMTS is a system with NLOS availability requirement. 
The most significant signal loss factors are attenuation of 
neighbor obstacles (e.g. man made structures), reflection 
and diffraction. Signal attenuation due to vegetation is so-
metimes also considered when needed. Because the opera-
ting frequency is low, rainfall attenuation is negligible. 
Multipath propagation, moving user and movement of sur-
rounding obstacles (e.g. cars) cause significant signal fa-
ding. Diversity techniques are commonly utilized at Node 
B site to overcome signal disruption. In case of WLAN ba-
sed on IEEE 802.11, service availability in NLOS case is 
also required. Surrounding obstacles (e.g. building walls) 
causes the most significant attenuation. Signal fading due 
to multipath propagation must be considered as well. Di-
versity techniques are often used on both AP and terminal 
site. Since the WLAN services are commonly provided in-
side buildings and since the operating frequency is well be-
low 10 GHz, rainfall attenuation and vegetation attenuation 
is not considered. BWA systems are commonly LOS sys-
tems. Signal attenuation is caused mainly by rainfall atte-
nuation. When the tree shadows the terminal, vegetation 
loss must be considered as well. Moreover the signal fa-
ding caused by moving tree should also be considered. 
8. Conclusion 
In this paper we provided a basic overview of diffe-
rent types of communication systems, namely UMTS, 
WLAN based on IEEE 802.11, IEEE 802.16 and UWB. 
The comparative analysis has been given as well to high-
light the applicability of the systems in different propaga-
tion environments, QoS provisioning and system perfor-
mance under different conditions. 
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Tab. 13  Comparative analysis overview 
